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  A  method  for  making  a  curved,  electrically  conductive 
coated  glass  substrate,  and  the  resulting  product,  by  provid- 
ing  for  a  sufficient  degree  of  oxygen  substoichiometry  at  the 
moment  of  bend  that the  glass  can  be  bent  using  convention- 
al  bending  techniques  without  crazing  the  coating.  Two 
alternative  methods  for  achieving  the  degree  of  sub. 
stoichiometry  are  disclosed.  One  method  involves  coating 
the  part  to  an  initial  light  transmittance  (To)  which  is  lower 
than  that  heretofore  used  by  sputter  coating  in  a  reduced 
oxygen  environment,  bending  the  part  and  then  reduction 
curing  the  part  at  a  temperature  higher  than  previously  used. 
The  other  method  involves  sputter  coating  in  a  conventional 
manner,  and  then  bending  the  part  in  a  reducing  environ. 
ment.  Thus  there  is  also  described  a  method  for  increasing 
conductivity  of  the  coating  by  exposing  the  coated  part  to  a 
reducing  environment  at  temperatures  considerably  higher 
than  those  heretofore  used  in  reduction  curing.  The  coating 
is  a  metallic  oxide  such  as  indium-tin  oxide.  Such  a  coated 
glass  substrate  is  particularly  useful  in  heated  windows,  for 
example  automotive  windshields. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   m a k i n g  

an  e l e c t r i c a l l y   c o n d u c t i v e   c o a t e d   s u b s t r a t e   and  t o  

s u b s t r a t e s   so  c o a t e d .  

T h i s   i n v e n t i o n   i s   p a r t i c u l a r l y   s u i t a b l e   f o r  

p r o d u c i n g   a  c u r v e d   g l a s s   member   h a v i n g   a  t r a n s p a r e n t ,  

e l e c t r o c o n d u c t i v e   c o a t i n g .   Such  a  member   i s  

p a r t i c u l a r l y   a d a p t e d   f o r   u s e   in   h e a t i n g   a p p l i c a t i o n s  

a t   r e l a t i v e l y   low  v o l t a g e s .   Such   g l a s s   m i g h t   be  u s e d  

f o r   CRT  s c r e e n s   w h i c h   you  can  i n p u t   by  t o u c h i n g ,  

a r c h i t e c t u r a l   g l a s s   ( s i n c e   s u c h   c o a t i n g s   a r e   i n f r a r e d  

r e f l e c t i v e ) ,   c u r v e d ,   h e a t e d   m i r r o r s ,   and  h e a t e d  

w i n d o w s .  

One  p o s s i b l e   a p p l i c a t i o n   f o r   s u c h   a  p r o d u c t   i s  

a u t o m o t i v e   w i n d s h i e l d s .   By  a p p l y i n g   a  c u r r e n t   to  s u c h  

w i n d s h i e l d s ,   a c c u m u l a t e d   f r o s t ,   i c e   or  fog   can  b e  

r e m o v e d   by  h e a t i n g .   I t   ha s   b e e n   f o u n d   t h a t   o n e  

s h o u l d   be  a b l e   to   g e n e r a t e   3 . 8 7   w a t t s   p e r   s q u a r e   mm 

(0 .6   w a t t s   p e r   s q u a r e   i n c h )   w i t h i n   a  w i n d s h i e l d   o f  

t y p i c a l   s h a p e ,   w i t h   a  s p a c e   of  0 . 6 3 5   m  (25" )   b e t w e e n  

t h e   e l e c t r i c a l   bus   b a r s ,   in   o r d e r   to   c l e a r   r i m e  

i c e   2 . 5 4   mm  ( 0 . 1 " )   t h i c k   in   a b o u t   f i v e   m i n u t e s .  

U s i n g   a  60  v o l t   a u x i l i a r y   p o w e r   s o u r c e ,   w h i c h   s y s t e m s  

a re   r e a d i l y   a v a i l a b l e   f o r   u s e   in  a u t o m o b i l e s ,   t h i s .  

means   t h a t   t h e   s h e e t   r e s i s t i v i t y   of  any  c o a t i n g   o n  

the   g l a s s   m u s t   o n l y   be  a b o u t   10  ohms  p e r   s q u a r e  s h e e t .  

A  l i g h t   t r a n s m i s s i b i l i t y   s t a n d a r d   of  a  70%  m i n i m u m  

. v i s i b l e   l i g h t   t r a n s m i s s i o n   a t   an  a n g l e   of  90°  to  t h e  

g l a s s   s u r f a c e   i s   r e q u i r e d   in  some  c o u n t r i e s .   F u r t h e r ,  

t he   e l e c t r o c o n d u c t i v e   c o a t i n g   u s e d ,   in  o r d e r   to   b e  

s u i t a b l e   in  a p p e a r a n c e ,   m u s t   be  v e r y   t h i n ,   u n i f o r m ,  

low  in  a b s o r p t i o n ,   and  low  in  r e f l e c t i o n .   T h e s e  



c o n s t r a i n t s   make  i t   p a r t i c u l a r l y   d i f f i c u l t   to   a c h i e v e  

s u c h   low  r e s i s t i v i t y .   A s s u m i n g   a  c o a t i n g   w i t h   a  r a n g e  
of  r e f r a c t i v e   i n d e x   of   1 .6   t o   2 . 1 ,   as  i s   t h e   c a s e  

w i t h   i n d i u m - t i n   o x i d e   c o a t i n g s ,   a  n o m i n a l   f u l l  

w a v e   c o a t i n g   w o u l d   h a v e   a  p h y s i c a l   t h i c k n e s s   o f  

a p p r o x i m a t e l y   340  nm  t o   260  nm  ( 3 , 4 0 0   t o   2 , 6 0 0  

a n g s t r o m s )   ( i . e . ,   t h e   m e d i a n   wave   l e n g t h   f o r   v i s i b l e  

l i g h t ,   550  nm  ( 5 , 5 0 0 A ° ) ,   d i v i d e d   by  t h e   r e f r a c t i v e  

i n d e x ) .  

T h e r e  a r e   no  known  c o m m e r c i a l l y   v i a b l e  

t e c h n i q u e s   a v a i l a b l e   f o r   s a t i s f a c t o r i l y   p r o v i d i n g  

c u r v e d   g l a s s   u n i f o r m l y   c o a t e d   w i t h   s u c h   a  t h i n   f i l m  

h a v i n g   s u c h   a  low  r e s i s t i v i t y ,   and  s u c h   a  p r o c e s s  

i s   n e e d e d .   I t   i s   known  t o   p u t  t r a n s p a r e n t   c o n d u c t i v e  

c o a t i n g s   on  a i r c r a f t   w i n d o w s ,   d i s p l a y   c a s e s   and  t h e  

l i k e .   G e n e r a l l y ,   h o w e v e r ,   f l a t   g l a s s   i s   u s e d   i n  

s u c h   a p p l i c a t i o n s .   A l s o ,   h i g h   v o l t a g e   p o w e r  

s o u r c e s   a r e   a v a i l a b l e   in   s u c h   e n v i r o n m e n t s   so  t h a t  

a  h i g h   r e s i s t a n c e   i n   t h e   f i l m   c o a t i n g   can  b e  

t o l e r a t e d .  

A  t e c h n i q u e   f o r   p r e p a r i n g   a i r c r a f t   w i n d o w s   w i t h   . 

e l e c t r i c a l l y   c o n d u c t i v e   c o a t i n g s   i s   to   c o a t   t h e   h o t  

s u r f a c e   of  t h e   g l a s s   w i t h   a  t i n   o x i d e   d e p o s i t e d  

p y r o l y t i c a l l y .   U S - A - 2 , 9 5 4 , 4 5 4   d e s c r i b e s   s u c h   a  

m e t h o d   f o r   c r e a t i n g   a  c o a t e d ,   b e n t   g l a s s   w i n d s h i e l d .  

The  p r o b l e m   w i t h   s u c h   a  s y s t e m   i s   t h a t   in   o r d e r   t o  

a c h i e v e   c o a t i n g s   w h i c h   make   i t   p o s s i b l e   to   d e l i v e r  

3 . 8 7   w a t t s   p e r   s q u a r e   mm  ( 0 . 6   w a t t s   p e r - s q u a r e   i n c h )  

a t   low  v o l t a g e s ,   i . e . ,   a b o u t   60  v o l t s ,   one   m u s t  

p r o v i d e   a  r e l a t i v e l y   t h i c k   f i l m   of   b e t w e e n   500  nm  a n d  

1 , 0 0 0   nm  ( 5 , 0 0 0   and   1 0 , 0 0 0   a n g s t r o m s ) .   T h i s   r e s u l t s  

in   a  w i n d s h i e l d   or   c u r v e d   g l a s s   a r t i c l e   w h i c h   y i e l d s  



a  " r a i n b o w "   of  r e f l e c t e d   c o l o u r   when  e x p o s e d   to   l i g h t .  

T h i s   i s   p a r t i a l l y   due  to   t h e   t h i c k n e s s  o f   t h e  

c o a t i n g ,   p a r t i a l l y   to   t h e   h i g h   i n d e x   of   r e f r a c t i o n   o f  

t i n   o x i d e ,   a n d  p a r t i a l l y   to  t h e   i n h e r e n t   n o n - u n i f o r m  

t h i c k n e s s   of  p y r o l y t i c a l l y   d e p o s i t e d   t i n   o x i d e .   A l s o  

i t   i s   s u s p e c t e d   t h a t   s u c h   a  p r o c e s s   w i l l ' y i e l d   a  

c o a t i n g   w h i c h   w i l l   c r a z e   when  t h e   g l a s s   i s   b e n t ,   a t  

l e a s t   i f   p r o d u c e d   on  an  e c o n o m i c a l   c o m m e r c i a l   b a s i s  

and   u s i n g   c o n v e n t i o n a l   b e n d i n g   p r o c e d u r e s .  

I n d i u m - t i n   o x i d e   h a s   h e r e t o f o r e   b e e n   s p u t t e r  

c o a t e d   o n t o   f l a t   g l a s s   f o r   u s e   in   l i q u i d   c r y s t a l  

d i s p l a y   e l e c t r o d e s .   H o w e v e r ,   when   p r o c e s s e d   i n  

a c c o r d a n c e   w i t h   c o n v e n t i o n a l   p r o c e d u r e s ,   s u c h  

i n d i u m - t i n   o x i d e ,   s p u t t e r   c o a t e d   f l a t   g l a s s   c a n n o t  

be  b e n t   on  a  v i a b l e   p r o d u c t i o n   b a s i s   w i t h o u t   c r a z i n g  

t h e   i n d i u m - t i n   o x i d e   c o a t i n g .   S u c h   c r a z i n g   o f  

c o u r s e   i n t e r r u p t s   t h e   c o n d u c t i o n   of   e l e c t r i c i t y   a n d  

l e a d s   to   s e r i o u s   i m p e r f e c t i o n s   in   t h e   h e a t i n g   p a t t e r n  

in  t h e   p r o d u c t .  

U K - A - 1 , 4 4 6 , 8 4 9 ,   d e s c r i b e s   t h e   s p u t t e r   c o a t i n g   o f  

an  a l r e a d y   c u r v e d   s h e e t   of  g l a s s .   S u c h   a  p r o c e s s  

w o u l d   be  v e r y   s l o w ,   and  u n i f o r m i t y   i s   b e l i e v e d   to  b e  

a  s e r i o u s   p r o b l e m .   I t   i s   n o t   b e l i e v e d   t h a t   s u c h   a  

p r o c e s s   w o u l d   be  a c c e p t a b l e   in   c o m m e r c i a l   p r o d u c t i o n .  

As  a  r e s u l t   of   s u c h   d r a w b a c k s ,   i t   i s   b e l i e v e d   t h a t  

h e r e t o f o r e   t h e r e   has   n o t   b e e n   c o m m e r c i a l l y   p r o d u c e d  

e l e c t r i c a l l y   c o n d u c t i v e   c u r v e d   p a r t s   f o r   l o w  v o l t a g e  

. by  g l a s s   c o a t i n g   p r o c e s s e s .   F u r t h e r ,   e v e n   a l t e r n a t i v e s  

o t h e r   t h a n   c o a t i n g   t h e  g l a s s ,   s u c h   as  e m b e d d e d   w i r e s   o r  
e m b e d d e d   c o n d u c t i v e l y   c o a t e d   p l a s t i c   f i l m s ,   have   n o t  

p r o v e n   c o m m e r c i a l l y   a c c e p t a b l e   f o r   h e a t i n g  

a p p l i c a t i o n s   w h e r e   v i s i b i l i t y   i s   p r i m a r y .  



A c c o r d i n g   to  a  f i r s t   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   a  p r o c e s s   f o r   m a k i n g   an  e l e c t r i c a l l y  

c o n d u c t i v e   b e n t   s u b s t r a t e   w h i c h   c o m p r i s e s   c o a t i n g  

a  g e n e r a l l y   f l a t   p a r t   w i t h   m e t a l l i c   o x i d e   a n d  

s u b s e q u e n t l y   b e n d i n g   t h e   p a r t   c h a r a c t e r i s e d   b y :  

p r o v i d i n g   f o r   a t   l e a s t   s u f f i c i e n t   o x y g e n   s u b s t o i -  

c h i o m e t r y   a t   t h e   m o m e n t - o f   b e n d   t h a t   t h e r e   i s   n o  

s i g n i f i c a n t   c r a z i n g   of  t h e   m e t a l l i c   o x i d e   c o a t i n g  

d u r i n g   b e n d i n g ,   b u t   n o t   so  g r e a t   a  s u b s t o i c h i o m e t r y  

t h a t   t h e   f i n a l   p r o d u c t   h a s   l e s s   t h a n   70%  l i g h t  

t r a n s m i s s i o n   or   i s   s u b s t a n t i a l l y   h a z y .   The  p r e s e n t  

i n v e n t i o n   a l s o   e x t e n d s   t o   t h e   p r o d u c t   of   t h e   p r o c e s s .  

The  s u b s t r a t e   i s   p r e f e r a b l y   g l a s s   and   t h e  

b e n d i n g   s t e p   i s   p r e f e r a b l y   c o n d u c t e d   a t   t y p i c a l  

h e a t i n g   and   b e n d i n g   r a t e s   f o r   s u c h   g l a s s .   T h e  

c o a t i n g   i s   p r e f e r a b l y   i n d i u m - t i n   o x i d e .   Thus   t h e  

p r e s e n t   i n v e n t i o n   can  be  u s e d   to   c o a t   f l a t   g l a s s   w i t h  

a  m e t a l l i c   o x i d e ,   p r e f e r a b l y   i n d i u m - t i n   o x i d e ,   a n d  

b e n t   w i t h o u t   c r a z i n g   t h e   c o a t i n g   to   p r o d u c e  

a  c u r v e d   p a r t   w h i c h   can  be  d e s i g n e d   t o   y i e l d   a  

p o w e r   d e n s i t y   s a t i s f a c t o r y   to   a c h i e v e   h e a t i n g   w i t h   a  

low  v o l t a g e   s o u r c e ,   and  h a v i n g   a c c e p t a b l e   l i g h t  

t r a n s m i s s i o n ,   a b s o r p t i o n   and  r e f l e c t i v e   p r o p e r t i e s .  

The  p r o c e s s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

m a y  b e  a c h i e v e d   on  a  c o m m e r c i a l l y   a c c e p t a b l e   b a s i s ,  

b o t h   in   t e r m s   o f   r e p e a t a b i l i t y   and  in   t e r m s   of  t i m e  

c o n s t r a i n t s .  

The  s u b s t o i c h i o m e t r y   may  be  a c h i e v e d   by  e x p o s i n g  

t h e   m e t a l l i c   o x i d e   l a y e r   to   a  r e d u c i n g   e n v i r o n m e n t  

as  t h e   s u b s t r a t e   i s   h e a t e d   to   b e n d   i t .  

T h e r e   may  be  a  r e d u c t i o n   c u r i n g   s t e p   in   w h i c h  

t h e   c o a t e d   s u b s t r a t e   i s   e x p o s e d   t o   a  r e d u c i n g  



e n v i r o n m e n t   a t   a  t e m p e r a t u r e   in  e x c e s s   of  4 0 0 o C .  

T h i s   s t e p   i s   c o n v e n i e n t l y   c a r r i e d   o u t   a f t e r   b e n d i n g .  

H o w e v e r ,   i f   t h e   m e t a l l i c   o x i d e   l a y e r   i s   e x p o s e d  

to  a  r e d u c i n g   e n v i r o n m e n t   as  t h e   s u b s t r a t e   i s   h e a t e d  

to   b e n d   i t ,   t h e n   t h i s   c u r i n g   s t e p   can  be  s a i d   to  b e  

i n c o r p o r a t e d   in   t h e   b e n d i n g   s t e p .  

A c c o r d i n g   to   a  s e c o n d   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   a  p r o c e s s   f o r   e n h a n c i n g   t h e   e l e c t r i c a l  

c o n d u c t i v i t y   of   a  m e t a l l i c   o x i d e   c o a t i n g   c o a t e d   o n  

a  s u b s t r a t e ,   c h a r a c t e r i s e d   by  h e a t i n g   t h e   c o a t i n g  

to  a  t e m p e r a t u r e   g r e a t e r   t h a n   400°C .   in  a  r e d u c i n g  

e n v i r o n m e n t   f o r   a  s u f f i c i e n t   p e r i o d   of   t i m e   t o  

s u b s t a n t i a l l y   l o w e r   t h e   e l e c t r i c a l   r e s i s t a n c e   of  t h e  

c o a t i n g .  

Such   a  p r o c e s s   p r o d u c e s   v e r y   low  r e s i s t a n c e   i n  

r e l a t i v e l y   t h i n   f i l m s .   C u r i n g   t h e   c o a t e d   s u b s t r a t e  

in  a  r e d u c i n g   e n v i r o n m e n t   a t  a   t e m p e r a t u r e   g r e a t e r   t h a n  
400°C .   i s   a  t e m p e r a t u r e   f a r  i n   e x c e s s   of  t h o s e  

h e r e t o f o r e   t h o u g h t   a c c e p t a b l e .   Such  c u r i n g   i n c r e a s e s  

l i g h t   a b s o r p t i o n   in   t h e   r e s u l t i n g   c u r v e d   p a r t   w h i c h  

a c t s   to   r e d u c e   r e f l e c t i o n   w i t h o u t   u n d u l y   i n t e r f e r i n g  

w i t h   t h e   h i g h   l e v e l   of   l i g h t   t r a n s m i s s i o n   w h i c h  

h a s   b e e n   a c h i e v e d   by  t h e   p r e s e n t   i n v e n t i o n .  

I n  a   p r e f e r r e d   e m b o d i m e n t   t h e   c o a t e d   s u b s t r a t e  

i s   h e a t e d   in  t h e   p r e s e n c e   of  a  m i l d l y   r e d u c i n g  

gas   to   a p p r o x i m a t e l y   440°C .   and  h e l d   t h e r e   f o r  

a p p r o x i m a t e l y   20  m i n u t e s .  

A  s u i t a b l e   c o a t i n g   m e t h o d   f o r   b o t h   t h e   f i r s t  

and  s e c o n d   a s p e c t s   of   t h e   i n v e n t i o n   i s   s p u t t e r  

c o a t i n g .   The  s p u t t e r   c o a t i n g   can  be  c a r r i e d   o u t  

on  an  u n h e a t e d   s u b s t r a t e   or  a  h e a t e d   s u b s t r a t e .  

The  c o a t i n g   may  be  a c h i e v e d   by  s p u t t e r '  

c o a t i n g   a  h e a t e d   s u b s t r a t e   w i t h   t h e   m e t a l l i c   o x i d e  



in  a  r e d u c e d   o x y g e n   e n v i r o n m e n t   to   an  i n i t i a l   l i g h t  

t r a n s m i t t a n c e   of  b e t w e e n   10  and  75%,  and   a v o i d i n g  

c o m p l e t e   o x i d a t i o n   t h e r e a f t e r   a t   l e a s t   u n t i l   a f t e r  

t h e   s u b s t r a t e   i s   b e n t .   P r e f e r a b l y   t h e   s u b s t r a t e   i s  

c o a t e d   to   an  i n i t i a l   l i g h t   t r a n s m i t t a n c e   in  e x c e s s   o f  

a b o u t   40%.  Even   m o r e   p r e f e r a b l y   t h e   i n i t i a l   l i g h t  

t r a n s m i t t a n c e   i s   in   e x c e s s   of  60%.  

A l t e r n a t i v e l y ,   t h e   c o a t i n g   may  be  a c h i e v e d   b y  

s p u t t e r   c o a t i n g   a  s u b s t a n t i a l l y   u n h e a t e d   s u b s t r a t e  

w i t h   t h e   m e t a l l i c   o x i d e   in   a  r e d u c e d   o x y g e n  

e n v i r o n m e n t   to   an  i n i t i a l   l i g h t   t r a n s m i t t a n c e   o f  

b e t w e e n   10  and   40%,  and   a v o i d i n g   c o m p l e t e   o x i d a t i o n  

t h e r e a f t e r   a t   l e a s t   u n t i l   a f t e r   t h e   s u b s t r a t e   i s   b e n t .  

The  coa ted   s u b s t r a t e   i s   p r e f e r a b l y   h e a t e d   in  a n  

o x i d i z i n g   e n v i r o n m e n t   s u f f i c i e n t l y   t o   l o w e r   t h e   l e v e l  

of   l i g h t   a b s o r p t i o n   t o   b e t w e e n   1 .7   and  10%.  

The  r e d u c t i o n   s t e p   i s   p r e f e r a b l y   p e r f o r m e d   f o r  

s u f f i c i e n t   t i m e   t o   g i v e   t h e   c o a t i n g   a  s p e c i f i c  

r e s i s t i v i t y   of  l e s s   t h a n   3  x  10-2   ohmm  (3  x  1 0  4 o h m   e m ) .  

C o n v e n i e n t l y   t h e   c o a t i n g   h a s   a  t h i c k n e s s   of  b e t w e e n  

o n e - h a l f   and  t h r e e   w a v e l e n g t h s   b a s e d   on  t h e   m e d i a n  

w a v e l e n g t h   of  v i s i b l e   l i g h t   and  in   a  p r e f e r r e d  

e m b o d i m e n t   t h e   c o a t i n g   h a s   a  t h i c k n e s s   of  b e t w e e n  

o n e - h a l f   and  one   a n d   a  h a l f   w a v e l e n g t h s   b a s e d   o n  

t h e   m e d i a n   w a v e l e n g t h   of   v i s i b l e   l i g h t   and  i s  

p r e f e r a b l y  a n   i n t e g r a l   m u l t i p l e  o f  o n e - h a l f   of  t h e  

n o m i n a l   or   m e d i a n   w a v e l e n g t h   of  v i s i b l e   l i g h t .  



T h e  i n v e n t i o n   may  be  p u t   i n t o   p r a c t i c e   in  v a r i o u s  

ways   b u t   two  p r o c e s s e s   e m b o d y i n g   t h e   i n v e n t i o n   w i l l  

now  be  d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   t o  

t h e   a c c o m p a n y i n g   d r a w i n g s , ' i n   w h i c h :  

F i g u r e   1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  

p l a n a r   m a g n e t r o n   s p u t t e r   c o a t i n g  a p p a r a t u s   of   a  t y p e  

w h i c h   can  be  u s e d   in  t h i s   i n v e n t i o n ;  

F i g u r e   2  i s   a  f l o w   c h a r t   s h o w i n g   t h e   p r o c e s s   s t e p s  

in  one   p r o c e s s ;  

F i g u r e   3  i s   a  f l o w   c h a r t   s h o w i n g   t h e   s t e p s   i n  

a  s e c o n d   p r o c e s s ;   a n d  

F i g u r e   4  shows   s c h e m a t i c a l l y   a  g l a s s   b e n d i n g  

f r a m e   and   o v e n .  

The  p r o c e s s   s t e p s   a r e   f o l l o w e d   w h i c h   t r y   t o  

e n s u r e   t h a t   t h e   c o a t e d   m e t a l l i c   o x i d e   l a y e r ,   s u c h  

as  i n d i u m - t i n   o x i d e ,   on  a  s h e e t   of  f l a t   s u b s t r a t e  

s u c h   as  g l a s s   w i l l   h a v e   s u f f i c i e n t   s u b s t i o c h i o m e t r y  

a t   t h e   m o m e n t   of  b e n d i n g   to   p r e v e n t   t h e   c o a t i n g   f r o m  .  

c r a z i n g .   The  m a n n e r   in  w h i c h   t h i s  i s   a c h i e v e d   i s  

p r o b a b l y   n o t   c r i t i c a l .   Two  a l t e r n a t i v e   p r o c e s s e s   f o r  

a c h i e v i n g   t h i s   r e s u l t   c o m m e r c i a l l y   a r e   now  d e s c r i b e d  

as  e x a m p l e s   of   how  t h e   p r e s e n t   i n v e n t i o n   may  b e  

e f f e c t e d .  

E a c h   of   t h e s e   p r o c e s s e s   i n c l u d e s   a  s t e p   o f  

c u r i n g   t h e   c o a t e d   g l a s s   by  h e a t i n g   in   a  r e d u c i n g  

e n v i r o n m e n t   (an  i n e r t   g a s ,   a  r e d u c i n g   g a s ,   or  a  

v a c u u m   e n v i r o n m e n t )   to   t e m p e r a t u r e s   f a r   in   e x c e s s  

of  t h o s e   h e r e t o f o r e   t h o u g h t   a c c e p t a b l e .   T h i s  

e n a b l e s   t h e   c o n d u c t i v i t y   of  t h e   c o a t i n g   to  b e  

s u b s t a n t i a l l y   i n c r e a s e d   w i t h o u t   a d v e r s e l y   a f f e c t i n g  



l i g h t   t r a n s m i s s i o n   to   a  s i g n i f i c a n t   e x t e n t .   I n d e e d  

w h i l e   a b s o r p t i o n   may  be  h i g h e r   t h a n   e n c o u n t e r e d   i n  

p r i o r   a r t   r e d u c i n g   t e c h n i q u e s ,   as  f o r   e x a m p l e  
d e s c r i b e d   in   U S - A - 3 , 6 5 5 , 5 4 5   t h e   d e g r e e   of  l i g h t  

r e f l e c t i o n   i s   l e s s ,   r e s u l t i n g   in  l e s s   g l a r e .  

A  f i r s t   p r o c e s s   u s e s   a  r e d u c e d   o x y g e n  

e n v i r o n m e n t   a n d   s p u t t e r   c o a t s   an  u n h e a t e d   s u b s t r a t e  

to   an  i n i t i a l   l i g h t   t r a n s m i t t a n c e  ( T  )   of  no  m o r e  

t h a n   a b o u t   40%.  In  t h e   c a s e   o f   a  h e a t e d   s u b s t r a t e ,   . 

T  m a y   be  g r e a t e r ,   i . e . ,   as  much  as  a b o u t   75%.  B o t h  

of   t h e s e   a r e   s i g n i f i c a n t l y   l e s s   t h a n   t h e   t y p i c a l  

60%  f o r  a n   u n h e a t e d s u b s t r a t e   o r   t y p i c a l l y   87%  p l u s   f o r  

a  h e a t e d   s u b s t r a t e   w h i c h   h a v e   b e e n   p r e v i o u s l y   s o u g h t .  

U s i n g   an  u n h e a t e d   s u b s t r a t e   t h e r e   a p p e a r s   t o  b e  

l e s s   h a z i n e s s   i n   t h e   f i n a l   p r o d u c t   in  t h e   p r o c e s s  
of   t h e   p r e s e n t   i n v e n t i o n .  

A  r e d u c e d   T  ,   e n a b l e s   t h e   c o a t e d   g l a s s  t o   be  b e n t  

w i t h o u t   c r a z i n g ,   e v e n   t h o u g h   c o n s i d e r a b l e   o x i d a t i o n  

t a k e s   p l a c e   when  t h e   g l a s s   i s   f i r e d   p r i o r   to   b e n d i n g .  

The  f i r i n g   s t e p   i n c r e a s e s   l i g h t   t r a n s m i s s i o n  

n o m i n a l l y   t o   85%  f o r   a  f u l l   wave   c o a t i n g .   T h i s   . 
i n d i c a t e s   t h a t   some  o x i d a t i o n   h a s   o c c u r r e d .   Y e t ,  

t h e   p a r t s   s t i l l   h a v e   s u f f i c i e n t   s u b s t o i c h i o m e t r y  

a t   t h e   m o m e n t   of   b e n d i n g   t h a t   t h e y   can  be  b e n t   w i t h o u t  

c r a z i n g .   I f   t h e  p a r t s   a r e   s p u t t e r   c o a t e d . i n   m o r e  

o x y g e n   u s i n g   t h i s   p r o c e s s   so  t h a t   To  e x c e e d s   40%  f o r  

a  n o n h e a t e d   s u b s t r a t e   or   75%  f o r   a  h e a t e d   s u b s t r a t e  

w h i c h   h a s   p r e v i o u s l y   b e e n   t h e   c a s e ,  t h e   c o a t i n g s  

a l m o s t   a l w a y s   c r a z e   d u r i n g   t h e   b e n d i n g   s t e p .  

The  p r e s e n t   i n v e n t i o n   may  be  u s e d   t o   p r o d u c e   s h e e t  

of  c u r v e d   g l a s s   w h i c h   can  h a v e   a  r e l a t i v e l y   t h i n  

c o a t i n g ,   e . g . ,   280  nm  ( 2 , 8 0 0   a n g s t r o m s ) ,   and  s t i l l  



y i e l d   d e s i r a b l e   p o w e r   d e n s i t y   b e c a u s e   of  i t s  

r e s i s t a n c e   in  t h e   r e g i o n   of   10  ohm  p e r   s q u a r e  
s h e e t   r e s i s t a n c e .  

F i g u r e   2  i s   a  f l o w   c h a r t   s h o w i n g   t h e   b a s i c  

s t e p s   e m p l o y e d   in  a  f i r s t   p r o c e s s ,   P r o c e s s   I ,  

in  w h i c h   s p u t t e r   c o a t i n g   on  an  unhea t ed   s u b s t r a t e   i s  

used  as  t h e   c o a t i n g   p r o c e s s .   E x c e p t   f o r   t h e   s t e p s  

i n d i c a t e d . b y   an  a s t e r i s k ,   ( S t e p s   6  and  11  in  P r o c e s s  

I)  t h e   p r o c e s s   s t e p s   are  g e n e r a l l y   c a r r i e d  o n  i n   a  known  manne r .  

S t e p   1,  F i g u r e   2,  of   t h e   p r o c e s s   i n v o l v e s  

s e a m i n g   and   w a s h i n g   t h e   l o n g ,   c u t   p a r t   w h i c h   i s   t o  

be  c o a t e d .   A  s l i g h t l y   s h o r t e r   p a r t   i s   p r o v i d e d  

as  t h e   m a t e   f o r   t h e   p a r t   to   be  c o a t e d   and   i s  

s i m i l a r l y   s e a m e d   and  w a s h e d .  

S t e p   2  i n v o l v e s   s i l k   s c r e e n i n g   e l e c t r i c a l l y  

c o n d u c t i v e   bus   b a r s   a l o n g   t h e   t o p   and  b o t t o m   e d g e s  

of  t h e   l o n g   f l a t   p i e c e   of   s e a m e d   g l a s s   to   b e  

c o a t e d .   T h i s   i s   f o l l o w e d   by  t h e   s t e p   of   f i r i n g   t h e  

bus   b a r s   in   a  known  f i r i n g   oven   ( s t e p   3 ) .   The  p a r t  

i s   a g a i n   w a s h e d   ( s t e p   4)  and   i s   r e a d y   f o r   s t e p   5 

in   w h i c h   a  p e r i p h e r a l   z o n e   mask  i s   s i l k   s c r e e n e d   o n t o  

t h e   p a r t .   T h i s   i s   a  known  p a i n t   m a s k ,   and  i s  

i n t e n d e d   to   p r e v e n t   t h e   p e r i p h e r a l   e d g e s   of   t h e   g l a s s  

f r o m   b e c o m i n g   c o a t e d   w i t h   a  c o n d u c t i v e   f i l m .   T h i s  

p r e v e n t s   t h e   c o n d u c t i v e   e l e m e n t   f r o m   b e i n g   a c c i d e n t a l l y  

g r o u n d e d   o n t o   any  c o n t i g u o u s   c o n d u c t i v e   m a t e r i a l .  

S t e p   6  i n v o l v e s   s p u t t e r   c o a t i n g   t h e   u n h e a t e d  

l o n g   g l a s s   p a r t   to   be  c o a t e d   t o   t h e   d e s i r e d   t h i c k n e s s  

in  a  p a r t i a l   o x y g e n   a t m o s p h e r e   so  t h a t   t h e   i n i t i a l  

l i g h t   t r a n s m i t t a n c e ,   T0  ( i l l u m i n a n t   A)  i s   l e s s   t h a n  

a b o u t   40%,  w h i c h   i s   s i g n i f i c a n t l y  l e s s   t h a n   p r e v i o u s l y  

u s e d .   P l a n a r   m a g n e t r o n   s p u t t e r i n g   i s   a  s u i t a b l e   k n o w n  



c o a t i n g   m e t h o d .   P l a n a r   m a g n e t r o n   s p u t t e r i n g   as  a  

c o a t i n g   m e t h o d   i s   d e s c r i b e d   in  " P l a n a r   M a g n e t r o n  

C a t h o d e s  -   P a s t ,   P r e s e n t ,   and  F u t u r e " ,   T h e o d o r e  

Van  V o r o u s ,   p u b l i s h e d   by  V a c - T e c   S y s t e m s ,   I n c . ,  

B o u l d e r ,   C o l o r a d o ;   U S - A - 4 , 0 4 6 , 6 5 9 ;   U S - A - 4 , 0 2 2 , 9 4 7 ;  

C A - A - 5 6 6 , 7 7 3 .  

S p u t t e r   c o a t i n g   i s   t y p i c a l l y   c a r r i e d   o u t  o n  

e i t h e r  a n   u n h e a t e d   s u b s t r a t e   o r  o n   a  h e a t e d   s u b s t r a t e .  

U s i n g   a  h e a t e d   s u b s t r a t e ,   i . e . ,   one  h e a t e d   t o  

a r o u n d  2 0 0 ° C . ;  t h e   p r o c e s s o r   s e e k s   to   c r e a t e   a  .  

c o m p l e t e l y   t r a n s p a r e n t ,   c o a t e d   g l a s s   s u b s t r a t e   i n  

a  s i n g l e   s t e p .   T h u s ,   t h e   p r o c e s s o r   i s   s e e k i n g   a  

s u b s t r a t e   w i t h   an  i n i t i a l   l i g h t   t r a n s m i s s i o n   (T )   i n  

e x c e s s   of   a b o u t   87%.  In  t h e   p r e s e n t   p r o c e s s  

a  s i g n i f i c a n t l y   l o w e r   To  i s   s o u g h t   u s i n g   a  h e a t e d  

s u b s t r a t e .   S p u t t e r   c o a t i n g   on  an  unhea ted   s u b s t r a t e   r e q u i r e s  
t h e   u s e   of  t w o  s t e p s   t o   g e t   to   t h e   same  p o i n t .   T h e  

s u b s t r a t e . h a s   h e r e t o f o r e   b e e n   c o a t e d   to   an  i n i t i a l  

l i g h t   t r a n s m i t t a n c e   w h i c h   i s   in  e x c e s s   of   5 0 % ,  t y p i c a l l y  

a r o u n d   60  to   70%.  The  p r e s e n t   p r o c e s s e s   s e e k s   a  

s i g n i f i c a n t l y   l o w e r .  T o .   I n   o r d e r   t o  

i n c r e a s e   t h e   l i g h t   t r a n s m i t t a n c e ,   a  s u b s e q u e n t  

o x i d a t i o n   s t e p   i s   e m p l o y e d   ( s e e   C A - A - 5 6 6 , 7 7 3 ) .  

In  t y p i c a l   c a t h o d i c   s p u t t e r i n g   p r o c e s s e s ,   a  

h i g h   n e g a t i v e   p o t e n t i a l   i s   a p p l i e d   t o   a  c a t h o d e  

a s s e m b l y   w h i c h   i s   c o m p r i s e d   of  t h e   m e t a l ( s )   s o u g h t  

t o   be  d e p o s i t e d   on  a  s u b s t r a t e ,   t y p i c a l l y   g l a s s .  

The  s u b s t r a t e   i s   l o c a t e d   in   t h e   v i c i n i t y   of  a n d  

s u b s t a n t i a l l y   p a r a l l e l   to   t h e   c a t h o d e   a s s e m b l y  

in  a  v a c u u m   c h a m b e r   w i t h   a  low  p r e s s u r e , o f   a b o u t  

6 .7   X  10 -4  k p a   ( a b o u t   5  x  10-3   t o r r ) ,   a t m o s p h e r e  

of   o x y g e n   and  i n e r t   gas   s u c h   as  n e o n ,   a r g o n ,   k r y p t o n  

o r   x e n o n .   The  h i g h   p o t e n t i a l   and  r e d u c e d   p r e s s u r e  



c a u s e   a  g low  d i s c h a r g e   b e t w e e n   t h e   c a t h o d e   and  t h e  

a n o d e .   U n d e r   s u c h   c o n d i t i o n s ,   t h e   gas   i s   e n e r g i z e d  

and  t h e   g a s e o u s   i o n s   s t r i k e   t h e   c a t h o d e   c a u s i n g  

m e t a l   i o n s   to   be  e j e c t e d   f r o m   t h e   c a t h o d e   and  d e p o s i t e d  

on  t he   s u r f a c e  o f   t h e   s u b s t r a t e .   T h i s   p r o c e s s   i s  

e n h a n c e d   w h e r e   a  m a g n e t i c   f i e l d   i s   p r e s e n t   w h i c h  

m a g n e t i c a l l y   c o n f i n e s   t h e   g low  d i s c h a r g e   p l a s m a ,  

( i . e . ,   a  p l a n a r   m a g n e t r o n   i s   e m p l o y e d ) .  

F i g u r e   1  s h o w s   s c h e m a t i c a l l y   a  t y p i c a l   p l a n a r  

m a g n e t r o n   s p u t t e r i n g   a p p a r a t u s   of   t h e   t y p e   w h i c h   c a n  

be  u s e d   in  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n .   T h e  

p a r t   to   be  c o a t e d   i s   p l a c e d   on  a  t r a y   10 ,   l o c a t e d  

i n i t i a l l y   on  a  f e e d   t a b l e   20 ,   and  i s   p a s s e d   t h r o u g h  

an  o p e n e d   g a t e   v a l v e   30  i n t o   a  l o a d   l o c k   40  h a v i n g  

a  s e c o n d   g a t e   v a l v e   31  a t   i t s   o t h e r   e n d .   A  v a c u u m  

b o o s t e r   50  and  b a c k i n g   pump  51  a r e   u s e d   t o   e v a c u a t e  

t h e   l o a d   l o c k   40  w i t h   b o t h   g a t e   v a l v e s   30  and  3 1  

c l o s e d .   When  t h e   d e s i r e d   v a c u u m   i s   a c h i e v e d ,   t h e   l o a d  

l o c k   31  i s   o p e n e d   and   t h e   t r a y   10  c a r r y i n g   t he   p a r t  

to  be  c o a t e d   i s   t r a n s p o r t e d   i n t o   t h e   e v a c u a t e d  

s p u t t e r i n g   c h a m b e r   60 ,   f r o m   one   s e t   of  m o t o r   d r i v e n  

r o l l e r s   41  o n t o   a n o t h e r   s e t   of   m o t o r   d r i v e n   r o l l e r s   6 1 .  

The  v a c u u m   i s   m a i n t a i n e d   w i t h i n   t h e   s p u t t e r i n g  

c h a m b e r   60  a t   a l l   t i m e s   d u r i n g   o p e r a t i o n   by  means   o f  

a  d i f f u s i o n   pump  70  and  a  b a c k i n g   pump  71.-  A 

t h r o t t l e   72  i s   t y p i c a l l y   u s e d   to   h e l p   c o n t r o l   t h e  

v a c u u m .   The  t r a y   10  and  t h e   p a r t   i t   c a r r i e s   a r e  

p a s s e d   b a c k   and  f o r t h ' o n   t h e   m o t o r i z e d   r o l l e r s   61 

b e n e a t h   t h e   s p u t t e r i n g   t a r g e t   or   c a t h o d e   a s s e m b l y   62  

f o r   as  many  t i m e s   as  i s   n e c e s s a r y   to   c o a t   t h e   p a r t  

t o   a  d e s i r e d   t h i c k n e s s .  



P o w e r   t o   t h e   c a t h o d e   o r   t a r g e t   62  i s   p r o v i d e d  

by  a  p o w e r   s u p p l y   80.  The  t a r g e t   62  i s   c o o l e d  

t h r o u g h   a  r e g e n e r a t i v e   w a t e r   c o o l i n g   s y s t e m   9 0 .  

A r g o n   and  o x y g e n   a r e   s u p p l i e d   to   t h e   s p u t t e r i n g  

c h a m b e r   60  by  a s s e m b l i e s   100  and  110  r e s p e c t i v e l y .  

The  c o m p o s i t i o n   o f   t h e   i n d i u m - t i n   c a t h o d e   62  

i s   known .   A  t i n   l e v e l   of  f r o m   1  to   25%  i s   t y p i c a l ,  

w i t h   9%  or   10%  o p t i m u m .   A  10%  t i n ,   90%  i n d i u m  

t a r g e t   i s   p a r t i c u l a r l y   s u i t a b l e   in   t h e   p r e s e n t   c a s e .  

The  d e g r e e   of  l i g h t   t r a n s m i s s i o n   of   t h e  

c o a t i n g ,   a f t e r   t h e   s p u t t e r i n g   p r o c e s s   i s   c o m p l e t e ,  

i s   a  f u n c t i o n   o f   t h e   e x t e n t   to   w h i c h   t h e   m e t a l   h a s  

b e e n   o x i d i z e d   as  i t   c o a t s   t h e   g l a s s   s u b s t r a t e  

s u r f a c e .   T h i s   d e g r e e   of   o x i d a t i o n   i s   in  t u r n  

c o n t r o l l e d   by  t h e   r e l a t i v e   a m o u n t   of   o x i d i z e r   a n d  

r e a c t i o n   a c t i v a t i n g   i n f l u e n c e s   ( s u c h   as  s u b s t r a t e  

b i a s i n g ,   e . g . ,   p o s i t i v e ,   n e g a t i v e ,   R . F . )   a v a i l a b l e  

in  t h e   v a c u u m   c h a m b e r .   In  t h e   p r e s e n t   c a s e   t h e  

a m o u n t   of   o x y g e n   and   t h e   e x t e n t   of   o x i d a t i o n   i s  

r e d u c e d   so  t h a t   t h e   i n i t i a l   l i g h t   t r a n s m i t t a n c e ,  

T  ,   f o r   an  u n h e a t e d   s u b s t r a t e ,   i s   l e s s   t h a n a b o u t  4 0 % ,  

( l e s s   t h a n   a b o u t   75%  f o r a  h e a t e d   s u b s t r a t e )   and   t h e  

c o a t e d   p a r t   can  s u b s e q e n t l y   be  b e n t   w i t h o u t   c r a z i n g  

t h e   c o a t i n g .  

To  p r o d u c e   a c c e p t a b l e   p a r t s   w i t h   r e s p e c t   t o  

h e a t i n g   u n i f o r m i t y   and  a p p e a r a n c e ,   i t   i s   a l s o  

i m p o r t a n t   t h a t   t h e   i n d i u m - t i n   o x i d e   f i l m   b e  

r e l a t i v e l y   u n i f o r m   i n   t h i c k n e s s   a c r o s s   t h e  s u r f a c e  

of   t h e   p a r t s .   P r e f e r a b l y ,   t h e   t h i c k n e s s   s h o u l d   n o t  

v a r y   more   t h a n   a b o u t  +   7 .5%.   Such   u n i f o r m i t y   c a n  

be  a c h i e v e d   u s i n g   known  s p u t t e r i n g   t e c h n i q u e s ,  

p a r t i c u l a r l y   in   v i e w   of   t h e   f a c t   t h a t   t h e   p r e s e n t  

i n v e n t i o n   c o n t e m p l a t e s   s p u t t e r   c o a t i n g   a  f l a t   p a r t ,  



r a t h e r   t h a n   a  c u r v e d   o n e .  

The  a m o u n t   of  o x y g e n   i s   c o n t r o l l e d   so  t h a t  

T  o  f o r   an  u n h e a t e d   s u b s t r a t e   i s   l e s s   t h a n   a b o u t   40%,  

and   p r e f e r a b l y   a p p r o x i m a t e l y   20%  g e n e r a l l y  

e v e r y w h e r e   in  t h e   c o a t i n g   ( l e s s   t h a n   75%,  p r e f e r a b l y  

a b o u t   55%  f o r   a  h e a t e d   s u b s t r a t e ) .   N a t u r a l l y ,  

some  v a r i a t i o n   w i l l   be  e x p e r i e n c e d ,   p a r t i c u l a r l y  

w i t h   v a r i a t i o n s   in   f i l m   t h i c k n e s s .   I t   has  been  f o u n d  

t h a t   T o  c a n   v a r y   as  much  as  a b o u t   ±10%  a c r o s s   t h e   p a r t  

w i t h o u t   u n d u e   a d v e r s e   e f f e c t s .   T   s h o u l d   n o t   b e  

d r i v e n   b e l o w   a b o u t   10%,  b e c a u s e   i t   i s   t oo   d i f f i c u l t  

t o   s u b s e q u e n t l y   o x i d i z e   t h e   f i l m   to   y i e l d   a  g o o d ,  

u n i f o r m l y   c l e a r ,   h a z e   f r e e   f i n a l   p r o d u c t .  

F o r   p u r p o s e   of  c l a r i t y   of   t h e   f i n a l   p r o d u c t ,  

t h e   c o a t i n g   s h o u l d   be  as  t h i n   as  p o s s i b l e .   M a x i m u m  

t r a n s m i s s i o n   i s   a c h i e v e d   when  t h e   o p t i c a l  f i l m  

t h i c k n e s s   i s   an  i n t e g r a l   m u l t i p l e   of   o n e - h a l f   of  t h e  

n o m i n a l   w a v e l e n g t h   of   v i s i b l e   l i g h t .   V a r i a t i o n s   a t  

o t h e r   t h a n   i n t e g r a l   m u l t i p l e s   of   h a l f   wave   f i l m s  

w i l l   t e n d   to  r e d u c e   t r a n s m i s s i o n   and  c h a n g e   t h e  

r e f l e c t e d   c o l o u r .   U s i n g   a  1 . 5   w a v e l e n g t h   c o a t i n g ,  

one  c an   a c h i e v e   t h e   d e s i r e d   f i l m   c o n d u c t i v i t y   m o r e  

e a s i l y   s i n c e ,   f o r   a  g i v e n   b u l k   r e s i s t i v i t y ,   a  t h i c k e r  

f i l m   w i l l   be  more   c o n d u c t i v e   t h a n   a  t h i n n e r   f i l m .  

H o w e v e r ,   some  l i g h t   t r a n s m i s s i o n   i s   s a c r i f i c e d   i n  

t h e   f i n a l   p r o d u c t .   G o i n g   to   a  h a l f   w a v e l e n g t h  

c o a t i n g   a f f o r d s   some  i m p r o v e m e n t   in   t r a n s m i s s i o n ,   b u t  

r e s u l t s   in   a  more   r e s i s t i v e   f i l m   b e c a u s e   i t   i s  

t h i n n e r   ( a s s u m i n g   e v e r y t h i n g   e l s e   i s   c o n s t a n t ) .   T h i s  

m a k e s   i t   more  d i f f i c u l t   to  a c h i e v e   t h e   u l t i m a t e  

d e s i r e d   p o w e r   d e n s i t y .   H e n c e   a  f u l l   wave   c o a t i n g  

h a s   b e e n   f o u n d   q u i t e   d e s i r a b l e   in  t h e   p r e s e n t   i n v e n t i o n .  



T h e   p a r t   i s   p a s s e d   b a c k   and  f o r t h   b e n e a t h   t h e  

s p u t t e r i n g   t a r g e t   u n t i l   t h e   d e s i r e d   f i l m   t h i c k n e s s  

h a s   b e e n   a c h i e v e d .   The  n u m b e r   o f   p a s s e s   to   y i e l d  

a  d e s i r e d   f i l m   t h i c k n e s s   w i l l   o f   c o u r s e   v a r y   f r o m  

s p e c i f i c   a p p a r a t u s   t o   s p e c i f i c   a p p a r a t u s ,   and  i n  

a c c o r d a n c e   w i t h   o t h e r   v a r i a t i o n s   in   p r o c e s s   p a r a m e t e r s .  
I t   has  been  found  t h a t   v a r i a t i o n s   in  t h e s e   p a r a m e t e r s ,  
a n d   i n d e e d ,   v a r i a t i o n s   in   t h e   n u m b e r   o f   t i m e s   t h a t  

t h e   p a r t   h a s   to   be  p a s s e d   b e n e a t h   t h e   s p u t t e r i n g  

t a r g e t ,   h a v e   l i t t l e   o r   no  e f f e c t   on  t h e   d e s i r a b i l i t y  

of   a c h i e v i n g   an  i n i t i a l   To  of  f r o m   a b o u t   10%  to   a b o u t  

40%  f o r   an  u n h e a t e d   s u b s t r a t e .  

The  d e s i r a b i l i t y   of  a c h i e v i n g   an  i n i t i a l   T o  o f  
l e s s   t h a n   a b o u t   40%  i s   r e l a t i v e l y   i n d e p e n d e n t   of   f i l m  

t h i c k n e s s .   At  a  g i v e n   T   of   l e s s   t h a n   40%,  t h e   b u l k  

r e s i s t i v i t y   ( o r   s p e c i f i c   r e s i s t i v i t y )   a c h i e v e d   i n  

t h e   f i l m   w i l l   be  a p p r o x i m a t e l y   t h e   s ame   w i t h o u t  

r e g a r d   to   w h e t h e r   a  f u l l  w a v e   o r   1 . 5   wave   f i l m  

i s   a p p l i e d   to  t h e   p a r t .  

The  v a r i o u s   s e t t i n g s   f o r   a r g o n   p r e s s u r e ,  

o x y g e n   p r e s s u r e ,   p o w e r   d e n s i t y   t o   t h e   c a t h o d e  

s p u t t e r i n g   t a r g e t ,   and   o t h e r   s u c h   s e t t i n g s   may  v a r y  
f r o m   m a c h i n e   t o   m a c h i n e   and  f r o m   p r o c e d u r e   t o  

p r o c e d u r e   u s e d  i n   o r d e r   to   a c h i e v e   t h e   d e s i r e d   T  .  
One  o f   t h e   p r i m a r y   f a c t o r s   to   be  c o n t r o l l e d   i s   t h e  

q u a n t i t y   of  o x y g e n   p r e s e n t .   F u r t h e r ,   i t   i s   p e r h a p s  

s i g n i f i c a n t   to   o t h e r   o p e r a t i o n a l   p a r a m e t e r s   t h a t  

t h e   o b j e c t   of  t h i s   i n v e n t i o n   i s   a c h i e v e d   p r i m a r i l y  

as  a  f u n c t i o n   o f   T  ,   r e g a r d l e s s   of   o t h e r   p r o c e s s  

v a r i a t i o n s   s u c h   as  p o w e r   d e n s i t y   to   t h e   c a t h o d e   o r  

a n o d e ,   a r g o n   p r e s s u r e ,   o r   t h e   l i k e .   S u i t a b l y   t h e  



c o a t i n g   i s   d e p o s i t e d   w i t h o u t   a u x i l i a r y   s u b s t r a t e  

h e a t i n g   ( t h e   s p u t t e r i n g   p r o c e s s   i t s e l f   may  warm  t h e  

g l a s s   s o m e w h a t ) ,   b u t   a u x i l i a r y   h e a t i n g   may  be  u s e d .  

Such   h e a t i n g   i s   one  e x a m p l e   of  a  r e a c t i o n   a c t i v a t i n g  

i n f l u e n c e   w h i c h   w i l l   m o d i f y   t h e   t r a n s m i s s i o n   a n d  

a b s o r p t i o n   of  t h e   a s - d e p o s i t e d   f i l m . .   Such  h e a t i n g  

i s   l i k e l y   to   a l l o w   f i l m s   of   h i g h e r   T  ,   i . e .   a b o u t  

75%  f o r   s u b s t r a t e s   h e a t e d   to   2 0 0  C .   to   s u r v i v e  

b e n d i n g   w i t h o u t   c r a z i n g .   H o w e v e r ,   h e a t i n g   t h e  

s u b s t r a t e   d u r i n g   c o a t i n g   i s   more   t i m e   c o n s u m i n g  

and  t h e r e   i s   o f t e n   d i f f i c u l t y   e l i n i n a t i n g   h a z e  

f rom  s u c h   a  c o a t i n g .   Such   h e a t i n g ,   w h i l e   a l l o w i n g  

f o r   an  i n i t i a l l y   h i g h e r   t r a n s m i t t a n c e   ( T o ) ,   d o e s  

n o t   r e s u l t   in  a  s t o i c h i o m e t r i c   c o a t i n g   so  c r a z i n g  

fo  t h e   f i l m   a t   b e n d i n g   o c c u r s   m o r e   r e a d i l y .   A 

d e g r e e   of  s u b s t o i c h i o m e t r y   a t   t h e   moment   of  b e n d   i s  

n e c e s s a r y ,   w h i c h   can  be  a c h i e v e d   by  b e g i n n i n g   w i t h  

a  T o  w h i c h   i s   l o w e r   t h a n   t h a t   p r e v i o u s l y   u s e d .  

P o w e r   d e n s i t y   t o   t h e   c a t h o d e   or   a n o d e   can  b e  

v a r i e d   as  d e s i r e d   by  t h e   o p e r a t o r ,   f o r   e x a m p l e  

to   i m p r o v e   t h e   r a t e   of  p r o d u c t i o n .  

A f t e r   t h e   p a r t   i s   c o a t e d ,   i t   i s ' f i r e d   a t  

a p p r o x i m a t e l y   5 4 0 ° C .   ( f o r   s o d a   l i m e   g l a s s )   t o  

.  s u f f i c i e n t l y   o x i d i z e   t h e   f i l m   ( s t e p   7 ) .   T h i s  

a l s o   o x i d i z e s   t h e   p e r i p h e r a l   m a s k .   T h i s   i s   d o n e  

in  t h e   p r e s e n c e   of  an  o x i d i z i n g   a t m o s p h e r e ,   in  o r d e r  

to   o x i d i z e   t he   f i l m   and  t h e   m a s k ,   and   t a k e s   a b o u t  

t h r e e   to   s i x   m i n u t e s   a b o v e   5 0 0 ° C .   For   t e m p e r a t u r e s  

l e s s   t h a n   5 0 0 ° C . ,   l o n g e r   t i m e s   a r e   n e e d e d .   T h e  

l i g h t   t r a n s m i s s i o n   i s   i n c r e a s e d   to   a b o u t   85%  as  a  

r e s u l t   of  t h i s   s t e p .   The  c o a t e d   g l a s s   e x h i b i t s  

a  l i g h t   a b s o r p t i o n   of  f r o m  a b o u t   1 .7   to   a b o u t  



10%  a f t e r   f i r i n g .   W h i l e   l i g h t   a b s o r p t i o n   c a n n o t  

be  d i r e c t l y   c o r r e l a t e d   t o   t h e   d e g r e e   of  s u b s t o i c h i o m e t r y  

of   t h e   f i l m   o v e r   a  r a n g e   of   p r o c e s s   v a r i a b l e s ,   t h e  

e x i s t e n c e   of   a b s o r p t i o n   o f   1 . 7   t o   10%  i n d i c a t e s   t h e r e  

i s   s t i l l   o x y g e n   s u b s t o i c h i o m e t r y   a t   t h i s   p o i n t  

d u r i n g   t h e   p r o c e s s .   T h e r e   i s   s t i l l   s u f f i c i e n t  

s u b s t o i c h i o m e t r y   in   t h e   c o a t i n g   t h a t   c r a z i n g   i s   a v o i d e d  

d u r i n g   t h e   s u b s e q u e n t   b e n d i n g   s t e p .  

I t   s e e m s   to   be  v e r y   d i f f i c u l t   i f   n o t   i m p o s s i b l e  

t o   o v e r - o x i d i z e   t h e s e  l o w   T o  f i l m s   by  f i r i n g .   On 

r e p e a t e d   f i r i n g s ,   as  many  as  e i g h t ,   t h e   a b s o r p t i o n  

h a s   n o t   b e e n   r e d u c e d   b e l o w   t h e   r a n g e   q u o t e d  
a b o v e .  

S t e p   7  w o u l d   n o t   h a v e   t o   be  u s e d   f o r   o x i d a t i o n  

of  t h e   c o a t i n g   i f  t h e   s u b s t r a t e   w e r e   h e a t e d   d u r i n g  

c o a t i n g .   H o w e v e r ,   some  m e a n s   f o r   r e m o v i n g   t h e   m a s k  

w o u l d - h a v e   t o   be  e m p l o y e d .  

In  s t e p   8,  t h e   o x i d i z e d   p a i n t   mask  i s   r e m o v e d .  

As  i s   u s e d   in   s u c h   a  b e n d i n g   p r o c e s s ,   t h e   t w o  

p i e c e s   (1  and   2)  w h i c h   a r e   t o   be  l a t e r   a s s e m b l e d  

i n t o   a  s i n g l e   p a r t   a r e   b e n t   t o g e t h e r .   The  l o n g e r  

p i e c e   1  i s   t y p i c a l l y   p l a c e d   on  t h e   b o t t o m   and  i s  

d u s t e d   w i t h   a  s u i t a b l e   p a r t i n g   med ium  s u c h   as  t a l c .  

The  s h o r t e r   p i e c e   i s   p l a c e d   on  t o p .   The  two  a r e  

p l a c e d   in   a  b e n d i n g   f i x t u r e   120  ( F i g u r e   4 )   S u c h  

f i x t u r e s   a r e   known  and   g e n e r a l l y   c o m p r i s e   s e v e r a l  

h i n g e d   s e g m e n t s ,   1 2 1 ,   1 2 2 ,   and   123  as  shown  i n  

F i g u r e   4,  w h i c h   in   t u r n   a r e   h i n g e d l y   m o u n t e d   a t  

some  p o i n t   to   a  b a s e   s u p p o r t   124 .   The  p a r t i c u l a r  

s h a p e   of  t h e   h i n g e d   s e g m e n t s   w i l l   v a r y   d e p e n d i n g   o n  

t h e   f i n a l   s h a p e   d e s i r e d   f o r   t h e   p a r t .   The  l o n g e r  

f l a t   p i e c e   1  i s   p l a c e d   on  t h e   f i x t u r e   s u c h   t h a t   i t  



e x t e n d s   b e t w e e n   t h e   e n d s   t h e r e o f   as  g e n e r a l l y   shown  i n  

s o l i d   l i n e s   in  F i g u r e   4,  w i t h   t h e   s h o r t e r   p i e c e   2  o n  

t o p .   The  e n t i r e   f i x t u r e   120  and  t h e   p a r t s   1  and  2  a r e  

t h e n   p a s s e d   on  a  c o n v e y o r   131  i n t o   an  o v e n   130 .   H e a t  

i s   s u p p l i e d   by  h e a t i n g   e l e m e n t s   132.   The  g l a s s   i s  

h e a t e d   in   t h e   oven  to   a  t e m p e r a t u r e   j u s t   s u f f i c i e n t l y  

n e a r   i t s   s o f t e n i n g   p o i n t   to   c a u s e   i t   to   s a g   d o w n  

i n t o   t h e   h i n g e d   s e g m e n t s   1 2 1 ,  1 2 2 ,   and  123  of  t h e  

b e n d i n g   f i x t u r e   u n t i l   i t   comes   to   r e s t   a g a i n s t  

t h e   e d g e s   of   t h e   h i n g e d   s e g m e n t s   121,   122 ,   and  1 2 3 .  

The  s a g g e d   o r  b e n t   c o n d i t i o n   f o r   t h e   p a r t s   a n d  

t h e   h i n g e d   s e g m e n t s   1 2 1 ,   122 ,   and  123  i s   i n d i c a t e d   i n  

p h a n t o m   l i n e s   in  F i g u r e   4 .  

T h i s   p r o c e d u r e   i s   known  and  can  be  u s e d   in   t h e  

p r e s e n t   i n v e n t i o n   to   p r o d u c e   a n  i n d i u m - t i n   o x i d e  

. c o a t i n g   w i t h   l i t t l e   or   no  c r a z i n g .   H o w e v e r ,   i t   i s  

i m p o r t a n t   t h a t   t h e   h e a t i n g   p a r a m e t e r s   of  a  c o n v e n t i o n a l  

g l a s s   b e n d i n g   p r o c e d u r e   a r e   n o t   e x c e e d e d .   I t   i s  

t y p i c a l   t o   e l e v a t e   t h e   t e m p e r a t u r e   of  c o n v e n t i o n a l  

s o d a   l i m e   g l a s s   to   a b o u t   5 9 0 0 C . ,   i . e . ,   40°C.   b e l o w  

i t s   s o f t e n i n g   p o i n t ,   f o r   b e n d s   of  0 . 30m  to   1 . 5 2 5 m  

(12  to   60  i n c h )   r a d i u s .   T h i s   c a u s e s   t h e   g l a s s   t o  

s ag   and  t a k e   i t s   s h a p e   w i t h i n   a  few  m i n u t e s   o f  

r e a c h i n g   t h i s   t e m p e r a t u r e .  

I f   u n u s u a l   b e n d i n g   p r o c e d u r e s   a r e   f o l l o w e d ,  

s p e c i f i c a l l y   i f   t h e   t e m p e r a t u r e   of  t h e   s u b s t r a t e   i s  

a l l o w e d   t o   s u b s t a n t i a l l y   e x c e e d   t h e s e   r a n g e s   a n d  

n e a r   t h e   s o f t e n i n g   p o i n t   of  t h e   g l a s s ,   t h e r e b y  

c a u s i n g   t h e   g l a s s   to   s a g   more   r a p i d l y   and  p e r h a p s  

s u b s t a n t i a l l y   b e y o n d   t h e   p l a n e s   d e f i n e d   by  t h e   e d g e s  

of  t h e   b e n d i n g   f i x t u r e   or  f r a m e   120,   c r a z i n g   of  t h e  

i n d i u m - t i n   o x i d e   c o a t i n g   w i l l   t e n d   to   o c c u r .  



The  o c c u r r e n c e   of   t h i s   c r a z i n g   is  n o t   a  f u n c t i o n  

of  t e m p e r a t u r e   p e r   s e ,   b u t   of  t he   r a p i d i t y   w i t h  

w h i c h   t h e   g l a s s   i s   c a u s e d   t o   s a g   or   b e n d .   No  o r  

s u b s t a n t i a l l y   no  c r a z i n g   o c c u r s   when  c o n v e n t i o n a l  

s o d a   l i m e   g l a s s   i s   h e a t e d   t o   a b o u t   5 9 0 ° C . ,   t h e  

s o f t e n i n g   p o i n t   of  s u c h   g l a s s   b e i n g   a b o u t   630°C .   A t  

more   e l e v a t e d   t e m p e r a t u r e s ,   c r a z i n g   t e n d s   to   o c c u r  

on  c o n v e n t i o n a l   s o d a   l i m e   g l a s s .  

C r a z i n g   d o e s  n o t   o c c u r   e i t h e r   a t   a l l   or  to   a  

s i g n i f i c a n t   e x t e n t   ( f o r   t h e   low  To  c o a t i n g )   d u r i n g  

t h e   b e n d i n g   of   b o r o s i l i c a t e   g l a s s   a t   t e m p e r a t u r e s  

of  a b o u t   6 5 0 ° C .   The  s o f t e n i n g   p o i n t   o f  

b o r o s i l i c a t e   g l a s s   i s   a p p r o x i m a t e l y   8 2 0  C .   At  t h i s  

t e m p e r a t u r e ,   t h e   b o r o s i l i c a t e   g l a s s   b e n d s   a t  a b o u t  

t h e   same  r a t e   as  c o n v e n t i o n a l   g l a s s   d o e s   a t   5 9 0 ° C .  

The  r a t e   a t   w h i c h   t h e   g l a s s   i s   a l l o w e d   to   s ag   o r  

b e n d   i s   t h u s   an  i m p o r t a n t   p a r a m e t e r .  

The  p o s s i b l i t y   o f   c r a z i n g   in   t h e   c o a t i n g   can  b e  

m i n i m i z e d   e v e n   f u r t h e r   by  r e d u c i n g   t h e   s p e e d   a t  

w h i c h   t h e   p a r t   i s   a l l o w e d   t o   b e n d .   At  v e r y ,   v e r y   s l o w  

r a t e s ,   e v e n   h i g h   To  c o a t i n g s   w i l l   n o t   c r a z e .  

H o w e v e r ,   i t   i s   i m p r a c t i c a l   and   u n e  c o n o m i c a l  t o   b e n d  

a t   e x t r e m e l y   s l o w - r a t e s .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   i s   i n t e n d e d   t o  

f a c i l i t a t e   c o n v e n t i o n a l   b e n d i n g   of   t he   p a r t   i n  

a c c o r d a n c e   w i t h   c o n v e n t i o n a l   t e c h n i q u e s   w i t h o u t  

c r a z i n g .   I t   i s   s i g n i f i c a n t   t h a t   c o n v e n t i o n a l   g l a s s  

b e n d i n g   in   t h i s   way  r e s u l t s   in   a  p a r t   h a v i n g   a  

g r a d u a l l y   c u r v e d   s u r f a c e   r a t h e r   t h a n   v e r y   s h a r p  

c o r n e r s   o r   r a d i i ,   and   i t   h a s   b e e n   f o u n d   t h a t   t h e  

t e n d e n c y   to   c r a z e   i s   e n h a n c e d   f o r   s h a r p   b e n d s ,  

e . g . ,   l e s s   t h a n   a b o u t   0 . 3 0 5   m  (12" )   r a d i u s .  



A f t e r   b e n d i n g ,   t h e   two  p a r t s   a r e   s e p a r a t e d ,  

l a b e l e d   f o r   l a t e r   r e a s s e m b l y ,   and  c l e a n e d   ( s t e p  

10,   F i g u r e   2 ) .   The  c o a t e d ,   l o n g e r   p a r t   i s   t h e n  

r e d u c t i o n   c u r e d   ( s t e p   11,   F i g u r e   2 ) .   The  c o a t e d ,  

b e n t   p a r t   i s   p l a c e d   in  an  o v e n   and  h e a t e d   t o  

in  e x c e s s   of  4 0 0 0 C . ,   p r e f e r a b l y   a b o u t   4 4 0 ° C . ,   f o r  

a b o u t   20  m i n u t e s .   P r e v i o u s l y   t h e   m a x i m u m  

t e m p e r a t u r e   u s e d   h a s   b e e n   in  t h e   r e g i o n   of   3 4 0 D C .  

D u r i n g   r e d u c t i o n ,   t h e   p a r t   may  be  e x p o s e d   to  a  

m i l d l y   r e d u c i n g   a t m o s p h e r e ,   c o n s i s t i n g   o f   a b o u t  

95%  n i t r o g e n   and  a b o u t   5%  h y d r o g e n .   H e a t i n g   to   t h i s  

t e m p e r a t u r e   in  s i m p l y   an  i n e r t   gas   s u c h   as  n i t r o g e n ,  

or  in   a  v a c u u m ,   w i l l   a c h i e v e   t h e   same  d e s i r e d  

r e s u l t ,   b u t   m u s t   be  c o n d u c t e d   f o r   a  l o n g e r   p e r i o d   o f  

t i m e ,   a p p r o x i m a t e l y   an  h o u r ,   as  o p p o s e d   to   2 0  

m i n u t e s   when  a  r e d u c i n g   gas   i s   i n c l u d e d   in  t h e   g a s  

m i x t u r e ,   e . g . ,   5%  h y d r o g e n .  

T h i s   p o s t b e n d   r e d u c t i o n   s t e p   l o w e r s   t h e   r e f r a c t i v e  

i n d e x   ( r e a l   p o r t i o n )   of  t h e   i n d i u m - t i n  o x i d e   ( I T O )  

f i l m   a n d ,   i t   i s   b e l i e v e d ,   i m p o s e s   an  i n d e x  

g r a d i e n t   o n ' t h a t   f i l m ,   w i t h   t h e   l o w e s t   i n d e x   b e i n g  

a t   t h e   f i l m   s u r f a c e   away  f r o m   t h e   g l a s s .   I t   a l s o  

i n c r e a s e s   f i l m   a b s o r p t i o n .   Fo r   t y p i c a l   l e v e l s   o f  

r e d u c t i o n ,   t h i s   r e s u l t s   in   i n c r e a s e d   f i l m   a b s o r p t i o n  

( a b o u t   5%)  and  some  d e c r e a s e   in  f i l m   r e f l e c t i o n   a n d  

t r a n s m i s s i o n .   The  p a r t i c u l a r   v a l u e s   w i l l   d e p e n d   u p o n  

t h e   e x a c t   f i l m   t h i c k n e s s   and  d e g r e e   of  r e d u c t i o n ,  

b u t   t y p i c a l l y   ( f o r   u n t i c t u r e d   g l a s s )  ,   t h e   t r a n s m i s s i o n  

w o u l d   be  a b o u t   86%  as  b e n t   w i t h   a b s o r p t i o n   of  1%. 

A f t e r   c u r i n g   t h e   t r a n s m i s s i o n   w o u l d   be  a b o u t   84% 

and  a b s o r p t i o n   a b o u t   5%.  H o w e v e r ,   in   t h e   f i n a l  

l a m i n a t e d   p r o d u c t ,   t h e   u p p e r   f i l m   s u r f a c e   c o n t a c t s  



t h e   p l a s t i c s   i n t e r l a y e r   r e d u c i n g   s u b s t a n t i a l l y  

t h e   l i g h t   r e f l e c t e d   by  t h e   f i l m .   T h i s   r e s u l t s   i n  

a  f i n a l   p a r t   w i t h   d e s i r a b l e   o p t i c a l   p r o p e r t i e s ,  

i . e . ,   h i g h   t r a n s m i s s i o n ,   low  r e f l e c t i o n ,   and  a  

s u b t l e   r e f l e c t e d   c o l o u r .   F i n a l   t r a n s m i s s i o n   o f  

a b o u t   85%  i s   t y p i c a l   f o r   s i n g l e   s t r e n g t h   c l e a r  

g l a s s   in   a  l a m i n a t e d   u n i t .  

M o s t   i m p o r t a n t l y ,   t h i s   r e d u c t i o n   c u r i n g   s t e p  

y i e l d s   a  c o a t i n g   w h i c h   i s   h i g h l y   c o n d u c t i v e   i n  

s p i t e   of   i t s   h i g h   d e g r e e   of  l i g h t   t r a n s m i s s i o n .   T h e  

s h e e t   r e s i s t a n c e   in   a  f u l l   w a v e   c o a t i n g   280  nm 

( 2 , 8 0 0   a n g s t r o m s )   t h i c k   i s   a p p r o x i m a t e l y   9  o h m s  

p e r   s q u a r e   s h e e t .   T h i s   i s   a  b u l k   o r   s p e c i f i c  

r e s i s t i v i t y   of  o n l y   a b o u t   2 . 5   x  10 -2   ohmm 

2 . 5   x  1 0 - 4   ohm  cm).  A  s h e e t   r e s i s t i v i t y   a p p r o a c h i n g  

10  ohms  p e r   s q u a r e   i s   d e s c r i b e d   i n   U S - A - 3 , 6 5 5 , 5 4 5 ,  

and  t h a t   was  in  a  c o a t i n g   h a v i n g   a  t h i c k n e s s   of  a b o u t  

600  nm  ( 6 , 0 0 0 A ° ) .   T h i s   w o u l d   be  a  s p e c i f i c   or   b u l k  

r e s i s t i v i t y   of  a p p r o x i m a t e l y   6  x  10 -2   ohmm 

(6  x  10 -4  o h m . c m s ) .  

A f t e r  t h e   c o a t e d   p a r t   h a s   b e e n   r e d u c t i o n   c u r e d ,  

i t   i s   t e s t e d   f o r   r e s i s t a n c e   and  t r a n s m i t t a n c e  

( s t e p   12 ,   F i g u r e   2 ) .   L e a d s   a r e   t h e n   s o l d e r e d   o n t o  

t h e   p r e v i o u s l y   a p p l i e d   b u s   b a r s   ( s t e p   1 3 ) .   T h e  

c o a t e d   p a r t   and  i t s   s i m i l a r l y   c u r v e d   m a t e   a r e   t h e n  

l a m i n a t e d   t o g e t h e r   i n   a  known   m a n n e r   u s i n g   a n  

i n t e r m e d i a t e   p o l y b u t e r a t e   p l a s t i c s   s h e e t   ( s t e p :  1 4 ) .  

.  A f t e r   f i n a l   t e s t i n g ,   t h e   p r o d u c t   i s   r e a d y   f o r   u s e  

and   f o r   s h i p m e n t   to   t h e   c u s t o m e r .  

F i g u r e   3  shows   an  a l t e r n a t i v e   p r o c e s s ,   P r o c e s s   I I ,  

by  w h i c h   a  d e g r e e   of  s u b s t o i c h i o m e t r y   can  be  a c h i e v e d  

in  t h e   i n d i u m - t i n   o x i d e   c o a t i n g   a t   t h e   m o m e n t  



of  b e n d .   The  key  d i f f e r e n c e s   b e t w e e n   t h e   t w o  

p r o c e s s e s   o c c u r   a t   s t e p s   6  and  9,  and  in  t h e  

e l i m i n a t i o n   of  s t e p   11  f rom  P r o c e s s   I..  A l l   of  t h e  

o t h e r   s t e p s   i n   t h e   p r o c e s s   c o r r e s p o n d   to   t h e  

c o r r e s p o n d i n g l y   n u m b e r e d   s t e p s   in  P r o c e s s   I .  

R e f e r r i n g   to   s t e p   6,  i t   w i l l   be  n o t e d   t h a t   i n  

P r o c e s s   I I   t h e   l o n g e r   p a r t   may  be  s p u t t e r   c o a t e d  

as  i s   c o n v e n t i o n a l   to   a  T   w h i c h   f o r   a  n o n h e a t e d  

s u b s t r a t e   i s   i n   e x c e s s   of  a b o u t   40%.  As  n o t e d  

p r e v i o u s l y ,   T0  f o r   a  n o n h e a t e d   s u b s t r a t e   i s  

t y p i c a l l y   a r o u n d   60%  a f t e r   s p u t t e r i n g .   Thus   a  

c o n v e n t i o n a l   s p u t t e r   c o a t i n g  s t e p   i s   u s e d   i n s t e a d   o f  

t h e   s p u t t e r i n g   s t e p   in  a  r e d u c e d   o x y g e n   e n v i r o n m e n t  

u s e d   in   P r o c e s s   I .  

T u r n i n g   t o   s t e p   9,  i t   w i l l   be  n o t e d   by  t h e  

a s t e r i s k   in   F i g u r e   3  t h a t   in   P r o c e s s   I I ,   t h e  

b e n d i n g   s t e p  i s   u n c o n v e n t i o n a l   o r   u n u s u a l   w h e r e a s   i n  

P r o c e s s   I ,   t h e   b e n d i n g   s t e p   i s   known  o r   i s  

c o n v e n t i o n a l .   The  b e n d i n g   s t e p   in   P r o c e s s   I I   i s  

u n c o n v e n t i o n a l   or   u n u s u a l  i n   t h a t   t h e   g l a s s   and  i t s  

m a t e   a r e   b e n t   in   a  r e d u c i n g   e n v i r o n m e n t .   F u r t h e r ,  

t h e   p o s i t i o n   of  t h e   p a r t s   s h o u l d   be  r e v e r s e d   s o  

t h a t   t h e   i n d i u m - t i n   o x i d e   c o a t i n g   i s   e x p o s e d   to   t h e  

r e d u c i n g   e n v i r o n m e n t .   The  s h o r t e r   p a r t   i s   t h e r e f o r e  

p l a c e d   on  t h e   b o t t o m ,   d u s t e d   w i t h   a  p a r t i n g   m e d i u m  

s u c h   as  t a l c ,   and  t h e   l o n g e r ,   c o a t e d   p a r t   i s  

p l a c e d   on  t o p   of  t h e   s h o r t e r   p a r t   w i t h   i t s   c o a t e d  

s u r f a c e   u p w a r d s .  

In  s t e p   7  ( a s s u m i n g   an  u n h e a t e d   s u b s t r a t e   d u r i n g  

c o a t i n g )   t h e   f i r i n g   m u s t   a c h i e v e   s u f f i c i e n t   o x i d a t i o n  

t h a t   e x c e s s i v e   r e d u c t i o n   does   n o t   r e s u l t   d u r i n g   t h e  

r e d u c t i o n   b e n d i n g   s t e p .   The  f i r i n g   r e f e r r e d   to   a b o v e  



i n .  c o n n e c t i o n   w i t h   P r o c e s s   I  has   b e e n   f o u n d   a d e q u a t e  

f o r   t h i s .  

The  b e n d i n g   f i x t u r e   or   f r a m e   120  w i t h   t h e   p a r t s  

a r r a n g e d   as  d e s c r i b e d   a b o v e   a r e   i n t r o d u c e d   i n t o   a n  

o v e n   w h i c h   i s  p r e f e r a b l y   f i l l e d   w i t h   a  m i l d l y  

r e d u c i n g   g a s .   The  gas   u s e d   in   s t e p   11  in   P r o c e s s   I  

can   be  u s e d   in   s t e p   9  in  P r o c e s s   I I .   T h i s   c a u s e s  

r e d u c t i o n   of  t h e   c o a t i n g   as  t h e   g l a s s   i s   h e a t e d  

to   b e n d .   T h i s   e n s u r e s   a  d e g r e e   of   s u b s t o i c h i o m e t r y  

a t   t h e   m o m e n t   of   b e n d   and  t h e r e b y   p r e v e n t s   o r  

s u b s t a n t i a l l y   m i n i m i z e s   c r a z i n g   of   t h e   c o a t i n g   as  t h e  

p a r t   b e n d s .  

In  a l l   o t h e r   r e s p e c t s ,   in   t e r m s   o f   t i m i n g   and  t h e  

l i k e ,   t h e   b e n d i n g   p r o c e s s   i s   c a r r i e d   on  as  d e s c r i b e d  

p r e v i o u s l y   w i t h   r e s p e c t   to  P r o c e s s   I .   A l l   of  t h e  

o t h e r   p a r a m e t e r s   d i s c u s s e d   in  c o n n e c t i o n   w i t h   s t e p   9 

f o r   P r o c e s s   I  a r e   a p p l i c a b l e   in   s t e p   9  f o r   P r o c e s s   I I .  

The  r e d u c i n g   e n v i r o n m e n t   in   t h e   b e n d i n g   s t e p   m a y  

be  due  t o   t h e   p r e s e n c e   of  a  r e d u c i n g   g a s ,   as  d e s c r i b e d  

a b o v e ,   o r   may  be  c r e a t e d   by  means   of   a  v a c u u m   o r   i n e r t  

g a s .   The  b e n d i n g   s t e p  i s   c o n d u c t e d   in   t h e   same  m a n n e r  

as  d e s c r i b e d   a b o v e ,   e x c e p t   t h a t   t h e   b e n d i n g   o v e n  

i s   e v a c u a t e d   o r   f i l l e d   w i t h   i n e r t   gas   r a t h e r   t h a n  

b e i n g   f i l l e d   w i t h   a  r e d u c i n g   g a s .  

S u b s t a n t i a l   r e d u c t i o n   t a k e s   p l a c e   d u r i n g  

t h i s   b e n d i n g   s t e p ,   and  t h e r e f o r e   i t   i s   n o t  u s u a l l y  

n e c e s s a r y   to  c o n d u c t   the  r e d u c t i o n   cur ing   s t ep   of  P roces s   I  

( s t ep   11  in  F i g u r e   2) ,   p r o v i d e d   s u b s e q u e n t   f i l m   o x i d a t i o n  

i s   p r e v e n t e d .   Thus  s t e p   11  i s   o m i t t e d   f r o m   P r o c e s s   I I  

and  t h u s   f r o m   F i g u r e   3.  The  p a r t   r e s u l t i n g   f r o m  

P r o c e s s   I I   h a s   a  l i g h t ' t r a n s m i t t a n c e   b e f o r e   l a m i n a t i o n  

of  f r o m   a b o u t   78%  to   a b o u t   80%,  a  l i g h t   a b s o r p t i o n  



of  f rom  a b o u t   7%  to   a b o u t   10%,  and  a  l i g h t  

r e f l e c t a n c e   of   f r o m   a b o u t   12%  to   a b o u t   13%.  T h e  

s h e e t   r e s i s t a n c e   a c h i e v e d   in  a  f u l l   wave   f i l m  

i s   a p p r o x i m a t e l y   7  t o   10  ohms  p e r   s q u a r e   s h e e t .  

P r o c e s s   I I   h a s   t h e   a d v a n t a g e   of   u s i n g   a  

c o n v e n t i o n a l   s p u t t e r   c o a t i n g   s t e p   and  e l i m i n a t i n g  

t h e   c u r i n g   s t e p .   H o w e v e r ,   i t   i s   s o m e w h a t   m o r e  

d i f f i c u l t   to  c o n d u c t   t h e   b e n d i n g   s t e p   in   a  

r e d u c i n g   e n v i r o n m e n t .   A  s p e c i a l   oven   or  t h e   l i k e  

i s   r e q u i r e d .  

In  c o n n e c t i o n   w i t h   P r o c e s s   I I ,   u n d e r   s o m e  

c i r c u m s t a n c e s ,   as  f o r   e x a m p l e   i f   t h e   c o a t i n g   i s  

a c c i d e n t a l l y   o v e r r e d u c e d ,   some  o x i d a t i o n   of   t h e  

c o a t e d   p a r t   may  be  n e c e s s a r y   s u b s e q u e n t   t o   t h e  

a c t u a l   b e n d i n g   in   o r d e r   to  a c h i e v e   a  s u f f i c i e n t  

d e g r e e   of   t r a n s p a r e n c y .   As  t h e   g l a s s   c o o l s   d o w n  

a f t e r   b e n d i n g ,   some  a i r   may  be  r e i n t r o d u c e d   i n t o  

t h e   s y s t e m   to  c a u s e   some  r e o x i d a t i o n   of   t h e   r e d u c e d  

c o a t i n g .  

W h i l e   t h e   m e t h o d   of  c o a t i n g   d e s c r i b e d   has   b e e n  

s p u t t e r   c o a t i n g   o t h e r   c o a t i n g   t e c h n i q u e s   to   m i n i m i z e  

c r a z i n g   c o u l d   a l s o   be  u s e d .   E v a p o r a t i o n ,   p y r o l y t i c  

d e p o s i t i o n   and   c h e m i c a l   v a p o u r   d e p o s i t i o n   a r e  

a l t e r n a t i v e   p o s s i b l e   c o a t i n g   m e t h o d s .   P y r o l y t i c   a n d  

c h e m i c a l   v a p o u r   d e p o s i t i o n   h a v e   t h e   a d v a n t a g e   o f  

b e i n g   o p e r a b l e   a t   a t m o s p h e r e   p r e s s u r e ,   w h e r e a s  

s p u t t e r   c o a t i n g   and  e v a p o r a t i o n   c o a t i n g   m u s t   be  d o n e  

in  a  v a c u u m .   V a r i a t i o n s   to   i n s u r i n g   s u b s t o i c h i o m e t r y  

a t   b e n d   may  be  n e c e s s a r y   due  to   p e c u l i a r i t i e s   of  s u c h  

d i f f e r e n t   c o a t i n g   t e c h n i q u e s .  

Thus  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s ,   as  e x e m p l i f i e d  

by  t h e   a b o v e   t w o  p r o c e s s e s ,   a  b e n d a b l e   m e t a l l i c   o x i d e  



c o a t e d   p a r t   on  a  c o m m e r c i a l l y   f e a s i b l e   b a s i s ,   w h i c h  

w i l l   h a v e   s u f f i c i e n t   c o n d u c t i v i t y   to   e n a b l e   o n e  

t o   g e n e r a t e   3 . 8 7   w a t t s   p e r   s q u a r e   mm  ( 0 . 6   w a t t s  

p e r   s q u a r e   i n c h )   a t   60  v o l t s   f o r   0 . 6 3 5   m  (25  i n c h )  

bus   b a r   s e p a r a t i o n .   The  c o a t i n g ,   s u c h   as  an  i n d i u m -  

t i n   o x i d e   c o a t i n g ,   has   a  s l i g h t   d e g r e e   of  s u b s t o i c h i o -  

m e t r y   a t   t h e   m o m e n t   of  b e n d .  s o   t h a t   no  or   s u b s t a n t i a l l y  

no  c r a z i n g   o c c u r s   on  b e n d i n g .  



1.  A  p r o c e s s   f o r   m a k i n g   an  e l e c t r i c a l l y   c o n d u c t i v e  

b e n t   s u b s t r a t e   w h i c h   c o m p r i s e s   c o a t i n g   a  g e n e r a l l y  

f l a t   p a r t   w i t h   m e t a l l i c   o x i d e   and  s u b s e q e n t l y  

b e n d i n g   t h e   p a r t   c h a r a c t e r i s e d   b y :   p r o v i d i n g   f o r   a t  

l e a s t   s u f f i c i e n t   o x y g e n   s u b s t o i c h i o m e t r y   a t   t h e   m o m e n t  

of   b e n d   t h a t   t h e r e   i s   no  s i g n i f i c a n t   c r a z i n g   of  t h e  

m e t a l l i c   o x i d e   c o a t i n g   d u r i n g   b e n d i n g ,   b u t   n o t  

so  g r e a t   a  s u b s t o i c h i o m e t r y   t h a t   t h e   f i n a l   p r o d u c t  

h a s   l e s s   t h a n   70%  l i g h t   t r a n s m i s s i o n   or  i s  

s u b s t a n t i a l l y   h a z y .  

2.  A  p r o c e s s   as  c l a i m e d   in   C l a i m   1  in   w h i c h   t h e  

s u b s t o i c h i o m e t r y   i s   a c h i e v e d   by  e x p o s i n g   t h e   m e t a l l i c  

o x i d e   l a y e r   to   a  r e d u c i n g   e n v i r o n m e n t   as  t h e   s u b s t r a t e  

i s   h e a t e d   t o   b e n d   i t .  

3.  A  p r o c e s s   as  c l a i m e d   in  C l a i m   1  or   2  in   w h i c h  

t h e r e   i s   a  r e d u c t i o n   c u r i n g   s t e p   in  w h i c h   t h e   c o a t e d  

s u b s t r a t e   i s   e x p o s e d   t o   a  r e d u c i n g   e n v i r o n m e n t   a t   a  

t e m p e r a t u r e   in  e x c e s s   o f   4 0 0 ° C .  

4.  A  p r o c e s s   f o r   e n h a n c i n g   t h e   e l e c t r i c a l   c o n d u c t -  

i v i t y   of  a  m e t a l l i c   o x i d e   c o a t i n g   c o a t e d   on  a  

s u b s t r a t e ,   c h a r a c t e r i s e d  b y   h e a t i n g   t h e   c o a t i n g  t o  

a  t e m p e r a t u r e   g r e a t e r   t h a n   400°C .   in  a  r e d u c i n g  

e n v i r o n m e n t   f o r   a  s u f f i c i e n t   p e r i o d   of  t i m e   t o  

s u b s t a n t i a l l y   l o w e r   t h e   e l e c t r i c a l   r e s i s t a n c e   of  t h e  

c o a t i n g .  

5.  A  p r o c e s s   as  c l a i m e d   in  a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   in  w h i c h   t h e   c o a t i n g   i s   a c h i e v e d   by  s p u t t e r  



c o a t i n g  a   h e a t e d   s u b s t r a t e   w i t h   t h e   m e t a l l i c   o x i d e  

in   a  r e d u c e d   o x y g e n   e n v i r o n m e n t   to   an  i n i t i a l   l i g h t  

t r a n s m i t t a n c e   of   b e t w e e n   10  and   75%,  and  a v o i d i n g  

c o m p l e t e   o x i d a t i o n   t h e r e a f t e r   a t   l e a s t   u n t i l  

a f t e r   t h e   s u b s t r a t e   i s   b e n t .  

6.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   C l a i m s   1  to   3 

in   w h i c h   t h e   c o a t i n g   i s   a c h i e v e d   by  s p u t t e r   c o a t i n g  

a  s u b s t a n t i a l l y   u n h e a t e d   s u b s t r a t e   w i t h   t h e   m e t a l l i c  

o x i d e   i n   a  r e d u c e d   o x y g e n   e n v i r o n m e n t   t o   an  i n i t i a l  

l i g h t   t r a n s m i t t a n c e   of  b e t w e e n   10  and  4 0 % ,  

a n d   a v o i d i n g   c o m p l e t e   o x i d a t i o n   t h e r e a f t e r   a t   l e a s t  

u n t i l   a f t e r   t h e   s u b s t r a t e   i s   b e n t .  

7.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   C l a i m s   2  t o   5 

in   w h i c h   t h e   s u b s t r a t e   i s   c o a t e d   to   an  i n i t i a l   l i g h t  

t r a n s m i t t a n c e   in   e x c e s s   o f   a b o u t   40%. 

8.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s   i n   w h i c h   t h e   c o a t e d   s u b s t r a t e   i s   h e a t e d   i n  

an  o x i d i z i n g   e n v i r o n m e n t   s u f f i c i e n t l y   to   l o w e r   t h e  

l e v e l   o f   l i g h t   a b s o r p t i o n   t o   b e t w e e n   1 . 7   and   10%.  

9.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   C l a i m s   2 

to   8  in   w h i c h   t h e   r e d u c t i o n   s t e p   i s   p e r f o r m e d   f o r  

s u f f i c i e n t   t i m e   t o   g i v e   t h e   c o a t i n g   a  s p e c i f i c  

r e s i s t i v i t y   o f   l e s s   t h a n   3::x  10-2   ohmm  (3  x  1 0 - 4 o h m   c m ) .  

10.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   in   w h i c h   t h e   c o a t i n g   h a s   a  t h i c k n e s s   of  b e t w e e n  

o n e - h a l f   and  t h r e e   w a v e l e n g t h s   b a s e d  o n   t h e   m e d i a n  

w a v e l e n g t h   o f   v i s i b l e   l i g h t .  



11.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   in   w h i c h   t he   s u b s t r a t e   i s   g l a s s   and  t h e   b e n d i n g  

s t e p   i s   c o n d u c t e d   a t   t y p i c a l   h e a t i n g   and   b e n d i n g  

r a t e s   f o r   s u c h   g l a s s .  

12.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   t h e   p r e c e d i n g  
c l a i m s   in   w h i c h   t he   c o a t i n g   i s   i n d i u m - t i n   o x i d e .  
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